ABSTRACT. The aim of this study was to observe levels of blood brain natriuretic peptides (BNPs) in patients with persistent atrial fibrillation (AF) before and after catheter ablation. Thirty-six patients with persistent AF (28 successful surgeries and eight recurrent cases) and 36 healthy controls with normal sinus rhythm were recruited for this study. BNP levels in the AF and control groups were measured before and after catheter ablation. BNP levels before surgery were significantly higher in the persistent AF group than in the control group (P < 0.01). The successful surgery group had distinctly lower BNP levels before ablation than the recurrent group (P < 0.01). In the recurrent group, BNP levels 2 h after ablation were significantly lower than those before ablation (P < 0.01); these levels increased after AF recurrence (P < 0.01) and were comparable with those before ablation (P < 0.01). Logistic regression analysis indicated that the BNP level was an inde-S.Y. Xing et al.
INTRODUCTION
Atrial fibrillation (AF) is the primary risk factor for the most common types of tachyarrhythmia and apoplexy. AF increases mortality rates and disability in patients. Catheter ablation for AF is a novel and rapidly developing treatment strategy that is becoming the focus of treatment for AF. However, AF recurrence after catheter ablation has been challenging. A previous study recently reported that AF patients had increased brain natriuretic peptide (BNP) levels, indicating a correlation with AF (Okçün et al., 2002; Vinch et al., 2004; Tops et al., 2006) . Therefore, we observed blood BNP levels in patients with persistent AF and in healthy controls, as well as changes in BNP levels in AF patients before and after catheter ablation, to explore the clinical significance of BNP in the initiation of persistent AF and its recurrence after ablation.
MATERIAL AND METHODS

General data
Patients with persistent AF who underwent catheter ablation in our hospital between December 2008 and August 2011 were included in this study. The subjects met the American College of Cardiology, American Heart Association, and European Society of Cardiology's Guidelines for the Management of Patients with AF; namely, patients whose AF symptoms had begun >7 d before surgery and who could not recover spontaneously, were included. Thirty-six patients were selected, of which 21 were male and 15 were female, aged 64.3 ± 7.1 years, with an AF duration of 15.3 ± 3.7 months. The exclusion criteria were as follows: 1) organic heart diseases, such as severe coronary heart disease (CHD), valvular disease, or cardiomyopathy; 2) clinical signs, symptoms, or ultrasonic cardiogram evidence of cardiac insufficiency; 3) severe respiratory disease; 4) pregnancy; 5) thrombus in the left atrium and left auricle; 6) severe chronic disease, such as hypohepatia; 7) recent surgical history and hemorrhagic tendency; 8) thyroid disease; or 9) >80 years of age. Additionally, 36 individuals (20 male and 16 female) with a normal sinus rhythm, aged 64.7 ± 5.3 years, who were examined in our hospital during the same period and without history of CHD, hypertension, and diabetes, were included as healthy controls in this study. The controls had normal results on physical examination; normal blood glucose levels and blood lipids; normal liver, kidney, and thyroid functions; as well as normal findings on electrocardiogram (ECG); chest radiograph; and color Doppler ultrasound. This study was conducted in accordance with the declaration of Helsinki and with approval from the Ethics Committee of Henan Science and Technology University. Written informed consent was obtained from all participants.
Operation methods
The patients were intramuscularly injected low-molecular-weight heparin (LMWH) twice per day, 3 to 5 d before surgery, and the transesophageal echocardiography was performed to exclude the possibility of thrombus in the left atrium and auricle. Local anesthesia was administered using 1% lidocaine. The left subclavian vein was punctured, and the coronary sinus electrode was then inserted. The right femoral vein was punctured twice. L 1 and R 0 Swartz sheaths were used to puncture the interatrial septum, after which heparin was intravenously injected during surgery (carry capacity: 100 U/kg) and 1000 U/h thereafter. Angiography of the left atrium and pulmonary vein was performed, and a circumferential pulmonary electrode was inserted into the pulmonary vein to construct a three-dimensional model of the left atrium and pulmonary vein using an Ensite NavX system (St. Jude Medical, Inc., MN, USA). The temperature-controlled radiofrequency catheter ablation instrument was set to 30 W and 43°C. Fentanyl was pumped intravenously and continuously during the surgery. An 8-µm irrigated tip ablation catheter was used for electrical isolation along the left and right pulmonary veins until the potentials in both sides of the pulmonary veins were completely isolated, and a bidirectional block was formed during linear ablation. Left atrium linear ablation and local discrete ablation were performed in patients with significant fractionated potentials in the left atrium. We performed ablation in patients with both atrial tachycardia and atrial flutter, and blocked the isthmus between the tricuspid ring and the inferior vena cava (cavotricuspid isthmus) or the mitral valve ring and lower left pulmonary vein (mitral isthmus), according to the activation or entrainment mapping results. Synchronized direct current cardioversion was administered when AF could not be terminated during the surgery.
Follow-up
After surgery, patients were intramuscularly injected with LMWH for 3 to 5 d. The patients received oral doses of amiodarone and warfarin for three months to maintain an international normalized ratio between 1.8 and 2.5. The administration of antiarrhythmic drugs was terminated three months after catheter ablation. AF recurrence was discovered by body surface ECG or dynamic ECG.
Measurement of BNP
Venous blood from AF patients was sampled during three separate occasions, namely, on the second day after admission, 2 h after catheter ablation, and three months after surgery. By contrast, the healthy controls were only sampled once. All patients were asked to fast the night before, and blood was sampled early in the morning. An automatic electrochemical luminescence immunity analyzer Elecsys 2010 (Roche Instrument Center AG, Rotkreuz, Switzerland) and Roche BNP immunoassay kit (Roche Diagnostics GmbH, Mannheim, Germany) were utilized to measure the plasma BNP concentration using double antibody sandwich electrochemiluminescence immunoassay.
Statistical analysis
Data were statistically analyzed using the SPSS software, version 11.5 (SPSS Inc., IL, USA). Measurement data are reported as means ± standard deviation (SD), and data were compared between groups using the Student t-test or ANOVA. Enumerated data were presented as constituent ratios or percentages and analyzed using the x 2 test. P < 0.05 was considered to be statistically significant. Logistic regression was employed to study AF recurrence factors.
RESULTS
General data
The differences in age, gender, body mass index (BMI), left ventricular end-diastolic diameter (LVEDD), and left ventricular ejection fraction (LVEF) between the two groups were not statistically significant (P > 0.05). BNP levels in the AF group before ablation was distinctly higher than those in the control group (P < 0.01, Table 1 ). 
BNP level in AF group
BNP levels in the successful ablation group significantly decreased 2 h after surgery (P < 0.01) and declined further after three months (P < 0.01). BNP levels in the successful group before and after ablation were significantly lower than those in the recurrent group (P < 0.01, Table 2 ). Compared with that before ablation, P < 0.01; Δ Compared with that 2h after ablation, P < 0.01;  comparison between groups, P < 0.01
BNP level in recurrent group
BNP levels in the recurrent group significantly decreased 2 h after ablation (P < 0.01), but increased after AF recurrence (P < 0.01); this increase was significantly higher than that 2 h after surgery (P < 0.01), and was comparable with that before ablation. BNP levels in the recurrent group before and after ablation were significantly higher than those in the successful group (P < 0.01, Table 2 ).
Logistic regression analysis
Logistic regression analysis was performed with AF recurrence as the dependent variable and age, gender, BMI, LVEF, LVEDD, and BNP level as the independent variables. The results indicated that BNP level was an independent factor for and predictor of AF recurrence (P < 0.01).
DISCUSSION
AF is a common clinical arrhythmia, and its initiation and maintenance are associated with cardiac electrical remodeling and structural remodeling, but its pathogenesis remains unclear. A recent study (Pourafkari et al., 2014) found significantly increased blood BNP levels in AF patients. BNP is a 32-amino acid polypeptide that is secreted by the ventricle and reflects heart failure severity. BNP has multiple favorable effects, including natriuresis, diuresis, and vasodilation. This polypeptide was first isolated by Sodoh et al. (1988) from brain tissue, and subsequent in vivo and in vitro experiments showed that 60-80% of plasma BNP is from myocardial cells. Silvet et al. (2013) further confirmed that BNP in AF patients is mainly secreted by the ventricle, which indicates its involvement in the pathogenesis of AF. Moreover, current studies have revealed a close correlation between BNP levels and AF.
We observed serum BNP levels in patients with persistent AF and in healthy controls, as well as changes in BNP levels in AF patients before and after catheter ablation, to explore the clinical significance of BNP in the initiation of persistent AF and its recurrence after ablation. Our study showed that the AF group had distinctly higher BNP levels than the control group before ablation (P < 0.01). These increased levels may result from the overload of heart volume and pressure, increased atrial pressure, and atrial wall tension during AF. BNP is rarely stored in a healthy heart, and its highly productive synthesis is achieved under stimulation. BNP secretion is closely correlated with the volume and pressure load of heart chambers (Beck-da-Silva et al., 2004; Date et al., 2006; Wozakowska-Kaplon and Opolski, 2010; Tang et al., 2011; Barassi et al., 2012; Govindan et al., 2012) . In the successful ablation group, BNP levels significantly decreased 2 h after surgery (P < 0.01) and declined even further after three months (P < 0.01), which is consistent with the results in the literature (Marsiliani et al., 2010; Deftereos et al., 2011; Freynhofer et al., 2011; Higa et al., 2011; Kawabata et al., 2011; Ruggiero et al., 2011; Psychari et al., 2011) . After sinus rhythm was restored, the atrium exhibited effective contractions, its auxiliary pump function recovered, hemodynamic rhythm improved, and poor mechanical and volumetric stimulations to atrial cells decreased or disappeared. Moreover, neuroendocrine activation decreased, which restored serum BNP levels. Given the short half-life of BNP (23 min), its level significantly declined 2 h after AF recovered. This decrease was sustained until three months after the surgery, which indicates that the left atrial structure can undergo reverse remodeling after ablation (Ari et al., 2008; Bakowski et al., 2009; Kallergis et al., 2010; Wozakowska-Kapłon et al., 2010; Wozakowska-Kapłon, 2010) . In the recurrent group, BNP levels were significantly higher than that in the successful group before ablation (P < 0.01) and significantly decreased 2 h after ablation (P < 0.01). However, this level increased after AF recurrence; this increase was significantly higher than that 2 h after surgery (P < 0.01) and comparable with that before ablation. These results suggest relatively high BNP levels in patients with persistent AF, easy recurrence of AF after radiofrequency ablation, atrial electrical remodeling, and mechanical remodeling after recurrence, enhanced atrial volume and pressure, synthesis and release of BNP by atrial cells, and consequent elevated blood BNP level. According to the logistic regression analysis, AF recurrence was a dependent variable, whereas age, gender, BMI, LVEF, LVEDD, and BNP level were independent variables. The results indicated that BNP level was an independent factor for and predictor of AF recurrence (P < 0.01). This finding further clarifies that a loss of atrial rhythmic contraction influences plasma BNP concentrations in patients, and poor mechanical and volumetric burden stimulates BNP secretion. These results provide clinicians with references for the prognosis of AF and evaluation of recurrence after ablation.
BNP, a circulating hormone secreted by the heart under increased tension, stress, and capacity load of the heart, is clinically important in AF diagnosis as well as in the prediction and evaluation of AF recurrence after ablation. As a biochemical index, BNP detection is convenient, accurate, and repeatable, thus enabling clinicians to screen appropriate subjects for ablation and increase the success rate of surgery.
